In the context of time domain astronomy, we present an offline detection search of gammaray transients using a wild binary segmentation analysis called F-WBSB targeting both short and long gamma-ray bursts (GRBs) and covering the soft and hard gamma-ray bands. We use NASA Fermi/GBM archival data as a training and testing data set. This paper describes the analysis applied to the 12 NaI detectors of the Fermi/GBM instrument. This includes background removal, change-point detection that brackets the peaks of gamma-ray flares, the evaluation of significance for each individual GBM detector and the combination of the results among the detectors. We also explain the calibration of the ∼ 11 parameters present in the method using one week of archival data. We finally present our detection performance result for 60 days of a blind search analysis with F-WBSB by comparing to both the on-board and offline GBM search as well as external events found by others surveys such as Swift-BAT. We detected 42/44 on-board GBM events but also other gamma-ray flares at a rate of 1 per hour in the 4-50 keV band. Our results show that F-WBSB is capable of recovering gamma-ray flares, including the detection of soft X-ray long transients. It is particularly useful for increasing the rate of GRB detection and will help the joint detection with gravitational-wave events.
INTRODUCTION
The most LIGO/Virgo O2 observational campaign opened a new era of multi-messenger time-domain astronomy (The LIGO Scientific Collaboration et al. 2018 , 2019 with the detection of a binary neutron star coalescence GW170817 on 2017 August 17 at 12:41:06 UT followed by a gamma-ray burst (GRB170817A) detected by the Fermi Gamma-ray Burst Monitor (GBM) (Abbott et al. 2017) . GBM continuously observes the entire sky that is not occulted by the Earth in the band 4 keV -40 MeV with a 2 microsecond timing resolution with its 12 NaI and 2 BGO detectors (Meegan et al. 2009 ). On-board, GBM continuous data searches have been developed to detect in real time GRBs at a rate of about 240 GRBs per year (Narayana Bhat et al. 2016) . These GRBs detections have contributed to different joint analyses, including with other gamma-ray surveys like Swift-BAT (Kocevski et al. 2018) or Insight-HXMT (Zhao et al. 2018 ) but also to find gamma-ray counterpart of orphan afterglows detected by optical surveys (Lipunov et al. 2016 ) and for new optical facilities that will be operational in the next decade such as LSST and ZTF (Della Valle et al. 2018 ).
In the past with BATSE (Stern et al. 2002 ) and more recently with GBM, it has been demonstrated that the sample of gamma-ray bursts detected by the on-board triggering of the instrument is large, but it is still smaller than what it could be at its sensitivity (see GBM subthreshold analysis). Identifying the weaker GRBs may give a substantial increase of the GRB statistics, it may extend the log Nlog Peak Flux to low Peak-flux and thus allow for the estimate of the total rate of GRBs in the universe. More importantly nowadays, with the emergence of the multi-messenger astronomy with the first joint GRB-GW detection, new analyses from the GBM team have been developed to detect gamma-ray counterparts of transient events.
As an example, there is the LB15 method to search the detectors' continuous data for short transient events in temporal coincidence with LIGO/Virgo compact binary coalescence triggers (Blackburn et al. 2015; Burns et al. 2019) . Others ground data analyses originate from Terrestrial Gamma-ray Flashes (TGFs) searches are looking for extra short GRBs in the GBM data .
In this paper, we propose a new method, F-WBSB, for an independent blind ground analysis of the 12 NaI GBM detectors data. F-WBSB 1 is a search of weak and highly variable transient phenomena in gamma-rays as GRBs. We interpret the statistical problem of detecting GRBs against an otherwise constant background as the problem of change-point detection, in the sense that the start-and end-points of the GRB are estimated separately as change-points against the constant background. The concept is new, not related to any methods used in the previous GRB trigger literature (Blackburn et al. 2015; Burns et al. 2019; Savchenko et al. 2012) ; and can target different populations of GRBs. Indeed, the category of transient sources detected by an instrument depends not only on its design properties (detector surface, energy band, field of view), but also on the transient algorithm architecture. Besides, F-WBSB allows us to maintain a low computational complexity of the resulting method: change-point detection can typically be achieved in close to linear computational time in the number of data points, whereas a typical one-stage method for estimating both the start-and the end-point of a GRBs in a single pass through the data would need at least a quadratic computational complexity. Our approach is therefore computationally fast. It also preserves a linear high temporal resolution (e.g 128 ms) for the length of the sequence defined by startend stops change-points which is not the actual case with classical methods using a {0.128, 0.256, 0.512, 1.024, ..s} multi-scale resolution. Different methods of change-points have been proposed in the litterature (see as example Yao 1988; Killick et al. 2012 ). Here we perform our change-point analysis using the Wild Binary Segmentation (WBS) method of Fryzlewicz (2014) , in light of its encouraging empirical performance. In addition, we use median smoothing for the evaluation of the gamma-ra background allowing flexibility to analyse longer transients in the count rate compared to previous methods in the astrophysical field as well as exploring the softer Xray band below 50 keV. Finally, we conduct our analysis with a set of about 9 parameters, orthogonal to hundreds of parameters used in existing methods. In this paper, the F-WBSB procedure has been tested on 60 days of GBM daily records of available detector and energy bands. Then, we have compared our gamma-ray candidates with existing catalogs such as onboard Fermi-GBM, subthresholds, Swift-BAT, INTEGRAL-IBAS, Astrosat-CZTI, Konus-Wind and MAXI.
The paper is organized as follows. In Section 2, we describe the GBM data used to calibrate and test the method. In Section 3, we describe the F-WBSB general methodology and outline the WBS technique in more detail. In Section 4, we show the results of the calibration and parameters used for F-WBSB. In Section 5, we give our results concerning the detection of gamma-ray transients over 60 days of GBM data and compare with others surveys.
INPUT DATA
We evaluate F-WBSB detection performance using daily records from the twelve semi-directional sodium iodide (NaI) detectors of the GBM space instrument, covering an energy range of 4 -5000 keV. We use the continuous Time-Tagged Event data (TTE), which gives a list of photons in each detector with time and energy channel information (128 energy resolution). We then build time series with a temporal resolution of 128 ms and 4 energy channels GBM time series can be described as {X t } t ∈[1,T ] , with recorded events in one NaI detector, with N change-points where locations η 1 , ..., η N correspond to high variations of the signal due to presence of variable or transient astrophysical sources. The canonical model of the signal is of the form :
where f t is a deterministic, one-dimensional, piecewise-constant signal with change-points, and the sequence b t is the background noise with smoothly-variation expectation (not related to any variable or transient astrophysical event, see for details Section 3.2).
F-WBSB PIPELINE
F-WBSB is a multi-resolution timing approach for searching for transient variation lasting from 128 ms to 50 s in the four energy bands mentioned above to target both short and long GRBs. We now list the stages of the method as shown in in Figure 1 :
• step 1 -science data. We select portions of the GBM time series that are suitable to be analyzed: e.g outside the South Atlantic Anomaly for which detectors are turned off to preserve their lifetime (see Section 3.1).
• step 2 -background estimation. F-WBSB works on a flat time series trend. For this reason, we have to estimate E(b t ) and subtract the background trend out before looking for any prompt excess as shown in Section 3.2. The background trend arises because of contaminants such as bright high-energy sources that come in and out of the wide field of view, in addition to location-dependent particle and Earth atmosphere effects.
• step 3 -change-points. We compute the number and locations of multiple change-points in the cleaned data (after background removal) as in Section 3.3. To this end, we use the WBS method of Fryzlewicz (2014) . WBS does not require the choice of a window or span parameter and does not lead to a significant increase in computational complexity. The stopping criterion of WBS uses the strengthened Schwarz Information Criterion, which offers very good practical performance for rare phenomena.
• step 4 -region of interest. The list of change-points is processed into a list of region of timing interval interests (ROIs), whose start and stop are the pair of change-points that maximize the signal to noise ratio of the ROI.
• step 5 -multiple detections. Individual-detector ROIs are cross-matched in time. A multiple-detector trigger e.g gamma-ray trigger is created with ends as the interSection of individual detector triggers. An evaluation of its significance measuring the excess over the background is performed in the contributed detector time series.
• step 6 -validation. We proceed to an evaluation of the multiple-detector trigger reliability by comparing the different energy bands, the shape of the light curves, and a cross-match with onboard GBM and untargeted search results (Goldstein et al. 2016) as well as other survey transients such as BAT (Lien et al. 2016) .
After this overview of the pipeline, we describe the details of each step.
Science data
We selected portions of the GBM time series outside the South Atlantic Anomaly (SAA) for which detectors were turned off and count rate is null (see Figure 2 ). We took a margin of 2.56 s at each end.
Background estimation
The GBM detectors are subject to a substantial time-varying background, due to: Figure 1 . Flow chart of the F-WBSB procedure. First, we collect the raw data, and we remove portions of the daily sequence corresponding to the South Atlantic Anomaly. Then we compute various light curves in different energy bands from the raw data for the different NaI detectors. We estimate the background with median smoothing to have a flat variation of the time series. We investigate the change-point detection with the WBS approach (Fryzlewicz 2014) . We construct different individual regions of interest (ROIs) and cross-match them in time to have obtain multiple-detector events. • bright high-energy sources that come in and out of the wide field of view,
• South Atlantic Anomaly trapped particles, • other particle flux,
• Earth transit in the field of view and Earth atmospheric effects.
We note that the different contributions to the background depend on the spectral window; moreover, the background does not have a specific profil timing variation. In this analysis, the background is estimated for any time-interval (from milliseconds to dozen of minutes). We use a median smoothing filter that offers the possibility to follow the trend of GBM records. It is adaptable to any unexpected but relatively smooth variation of the background and differs from polynomial fitting approach in computing aspects and flexibility, and is not contaminated by high spikes of a GRB.
The estimatorẼ(b t ) of E(b t ) is of the form :
with mirror-image padding at the left and right edge, where {X t } is the median of {X t } delimited by K, K is a parameter to be defined, depending on the timing resolution of {X t }. For this analysis, K value is shown in Table 1 . Figure 3 represents the underlying background continuum of a GBM detector, with 128 ms principally dominated by the cosmic Xray background (in black), with an estimate of the background trend using median smoothing (in red), and corresponding residual data (in blue). Note that the K kernel value has been evaluated during the 7-day GBM training session (see Table 1 of Appendix A).
Change-point detection
F-WBSB searches for significant change-points in the count rate (X t ) recorded in GBM detectors for different energy bands. A preprocessing step has already removed the background trend (see Section 3.2). The remaining and unexpected variations of the cleaned signal could be caused by: . In this illustration, M = 1. They are then sorted from the most to the least important, and the N+1 most important ones, denoted by {τ i } i ∈[0, N ] ] and shown in green, are selected via the strengthened Schwarz Information Criterion. The rest, shown in red, are eliminated. Steps a) to d) use the WBS algorithm. Step d) shows the set of detected change-points. In step e), the most significant regions of interest (ROI) are represented, delimited by two change-points. The selection of contributed detectors will be operated using the intersection timing interval between the ROIs. Step f) shows the final ROI that is considered as a gamma-ray burst candidate.
• a new transient source appearing in the field of view (the case we are interested in),
• high variability of X-ray sources present in the field of view,
• transit of X-ray sources on the edges of the field of view.
Change-points are determined by the WBS procedure as described in Fryzlewicz (2014) . Two change-points could reveal the start or the stop of a new transient source, constituting an interesting case for the purpose of this study. Below we list the steps of the method as illustrated in Figure 4 .
First, we define a set of M random time intervals whose startand end-points have been drawn (independently with replacement) uniformly from the set {1, T }.
For each time interval [s m , e m ] m ∈ [1, M] , we compute the contrast weights vector. The inner product between this contrast vector and the vector (X s m , ..., X e m ) is one of the basic ingredients of the wild binary segmentation algorithm. The contrast vectorX u s m , e m given at the time u is:
We compute (m 0 , u 0 ) = arg max m,u ∈ {s m ,...,e m −1} |X u s m ,e m |. We add u 0 to the set of change-point candidates. The time domain [1,T] is then split into two sub-intervals to the left and to the right of u 0 (see step b in Figure 4 ). The recursion continues in this way (see step c and d in Figure 4 ) until all intervals [s m , e m ] have been examined (for the case M > 1) or until there are no more intervals to consider (for the case M = 1). We then order the changepoints candidates from the most to the least important, according to the decreasing magnitude of |X u 0 s m 0 ,e m 0 |. We determine which of the most important change-points enter the set of change-points {τ i } N i=0 (see step e in Figure 4 ) through the so-called strengthened Schwarz Information Criterion, which is practically equivalent to the classical Schwarz (Bayesian) Information Criterion. If fewer than two change-points survive this selection, there are no burst candidates to speak of, and we stop. Otherwise, we next trigger the procedure described in Section 3.4. Throughout the paper, we use M = 5000 shown in Table 1 .
Creation of the region of timing interest and evaluation of its significance
We evaluate the significance of a region of timing interest (ROI) with the signal to noise ratio (SNR) delimited by two pairs of changepoints (not necessarily adjacent) with:
where the ROI is selected as significant for the next step. For this analysis, SNR max and ∆τ i ,τ j values are shown in Table 1 . Figure 5 represent the residual (cases a and b) and (step c) GBM daily data scan received in detectors (n 2 ) on September 8, 2008. The list of changepoints detected are represented in case a) and the list of pairs of change points are listed in b). Finally, ROIs that passed the threshold SNR max are shown in c). Triggers around 1.56 hrs correspond to GRB170808065 as listed in Table A1 of Appendix A.
We flag as "1" timing portions for which a single ROI has been found in a certain energy band using the process above. At the end of the process, if the value is above 2, it means it is flagged as a multiple-detector event. We re-calculate the signal to noise ratio in the joint timing window for the contributed detectors. We then compare the multiple-detector event to different GRB databases such as GBM and BAT.
CALIBRATION OF F-WBSB
We ran the F-WBSB method over 7 GBM daily data (from August 1 to August 7 2018 inclusive). Each data sequence was simultaneously analyzed for the NaI 12 count rates in the four energy bands mentioned. We calibrated F-WBSB with the help of the 11 gammaray events found by GBM onboard. Our results Section in Table A1 of Appendix A. At the end of the calibration, all the parameters needed for this analysis were held constant (see Table 1 ). They are used for the 60-day F-WBSB performance described below.
Results of the blind search 2 show that F-WBSB detect 11/11 GRBs from the onboard GBM analysis including long GRBs such as GRB180801492 and short GRBs such as GRB bn180801492. Note that F-WBSB found GRB180803590 in a single detection. 2 All the detection results can be found https://github.com/santier14/FWBSB/.
BLIND SEARCH OF 60 GBM DAILY RECORDS
We run F-WBSB over 60 GBM days with held constant intrinsic parameters as discussed in Section 4: August 2017 (except 2017/08/20 and 2017/08/26, data not available), from 2018/08/08 to 2018/09/08. As shown in Table 2 , F-WBSB detects more than 1000 events seen by at least two NaI detectors in 4-50 keV and 4-900 keV bands, and about 60 events in the 50-100 keV and 50-900 keV bands over this period. In parallel, we calculated the duty cycle of GBM (e.g period when scientific analysis is done with exclusion of the South Atlantic Anomaly) as 46.5 days. Trigger rates lead to about 30 events per day for the 4-50 keV band, 20 events per day for the 4-900 keV band, 1.2 event per day in the 50-100 keV and 50-900 keV bands. All the results are available at https://github.com/santier14/FWBSB/. Events have different astrophysical origins, such as galactic flares, cosmic rays (mainly in the 4-50 keV band), variable stars or gamma-ray bursts.
Comparison with GBM on-board analysis
F-WBSB detects 42 gamma-ray bursts out of 44 GRBs (3/4 of short GRBs) found by the GBM on-board analysis (see Table A2 of Appendix A). Most of the GRBs are seen in more than one energy band, but they represent 2/3 of the full F-WBSB events detected above 50 keV. Note that six GRBs were only recovered by a single detector event in the F-WBSB analysis. GRB170816258 and GRB170817529 are not detected by the blind F-WBSB search because no change-points were found at the GRB location. Nevertheless, a local investigation without standard parameters for GRB170817529 in 10 minutes around the GRB trigger time until the next South Atlantic Anomaly passage happening a few minutes after GRB170817 revealed a multiple detection on n2 and n5 detectors with 1.152 s and 0.640 s durations respectively with a SNR of 6.1 in the 4 -900 keV band.
The number of detectors involved for the on-board GBM analysis can vary in the F-WBSB analysis due to variations in the background fit during online and offline searches. As an example, GRB170830069 is triggered by n7 and nb detectors with onboard GBM analysis whereas the GRB is clearly seen in n6, n9 and na as WBS reported in Table A2 of Appendix A.
The F-WBSB and GBM onboard analysis trigger times vary from less than 2 s for more than 50% of the 34 GRBs found in the 50-900 keV band. There is no clear preferential delay between the softer 4-50 keV band and the harder 50-900 keV band for the 32 GRBs found by F-WBSB. For example, GRB170804911 was found 12 s earlier by F-WBSB in the 4-50 keV band than GBM and F-WBSB hard trigger analysis (above 50 keV). In contrast, GRB180906597 is found 2 s delay in the 4-50 keV compared to F-WBSB 50-900 keV search.
Moreover, we also detect multi-episodes of 8 out of 9 long GRBs (T90 > 100 s) which helps to recover its duration by identification. Indeed, F-WBSB configuration finds event/peak duration up to 50 s as mentioned in Table 1 . Note GRB180826055 is detected by F-WBSB on detector n9 at 01:17:22 e.g 123 seconds before the GBM trigger, with a detection of a precursor gamma-ray emission. We compare the duration of the F-WBSB event duration in the 4-900 and 50-900 energy band to the T 90 GBM durations. For 34 GRBs found in 50-900 keV, more than 60% of GRBS recovered more than 50% of the T 90 in 50-300 keV and 20% have a trigger duration 10% longer than T 90 . For 38 GRBs found in 4-900 keV, more than 80% of GRBS recovered more than 50% of the T 90 in showing the contribution to longer soft emission.
In conclusion, F-WBSB offers a unique and independent way to classify the diverse population of the gamma-ray burst sample. Even if the method is focused on the discovery of new triggers, it provides a duration of the prompt emission of the gamma-ray transients in several bands. Moreover, it helps to understand the spectral dynamics of the prompt emission that is much more complex with a smooth transition from the hard to soft X-ray bands with the different delays and durations across the multi-band triggers (mostly below ∆τ i ,τ j =50 s).
Detection in coincidence with others surveys
F-WBSB also detects other events, especially in the softer band (4-50 keV). We perform some investigations by comparing F-WBSB events with other transients from gamma-ray surveys such as Fermi-GBM, subthresholds, Swift-BAT, Konus-Wind, HXMT, CALET and MAXI. We allow +/-30 second latency in timing between the two gamma-ray events. Our F-WBSB detects jointly with GBM onboard analaysis 6 GRBs with Swift-BAT, 16+1 GRBs with Konus-Wind, 2 GRBs with MAXI, 2 GRBs with CALET and 6+1(galactic flare) GRBs with HXMT (see Table A1 ). Over the blind search period, F-WBSB did not detect gamma-ray events in coincidence with the 9 Swift-BAT GRBs, 22 X-ray MAXI flares, 6 HXMT GRBs, 7 Konus-Wind GRBs and no GRB170825 Agile GRB.
We also detect 6 events among the 54 events in timing coincidence with the sub-threshold analysis of Fermi-GBM listed in Table 3. Taking τ GBM = 54/46.5 = 1.16/day and τ WBS = 32/day and within a window of ∆ coinc = 1min = 6.9 × 10 −4 day, the accidental coincidence rate is R fake,GBM = 0.03 /day (≈ 1.4 events for this analysis). Note that we consider F-WBSB and Fermi sub-threshold analysis as two independent studies, since the two approaches are very distinct, with an optimization on a short GRB investigation for the Fermi sub-threshold and a larger diversity GRB target for F-WBSB.
We detect four events correlated in time with Swift-BAT GRB but not found by onboard and offline GBM analysis. Table 3 . Taking τ Swift = 90/365.25 = 0.25/day and τ WBS = 32/day and within a window of ∆ coinc = 1min = 6.9 × 10 −4 day, the accidental coincidence rate is R fake,Swift = 0.006 /day (≈ 0.3 events for this analysis).
We also detect four events with F-WBSB in timing coincidence with events found by MAXI below 20 keV. Taking τ MAXI = 28/46.5 = 0.60/day and τ FWBSB = 32/day and within a window of ∆ coinc = 1min = 6.9 × 10 −4 day, the accidental coincidence rate is R fake,MAXI = 0.01 /day (≈ 0.5 events for this analysis).
In conclusion, either for Swift-BAT and MAXI triggers, F-WBSB independent searches offered the possibility to extend the spectral range of the X-ray transients and variable stars observed thanks to the broad energy band coverage of GBM. For example, the joint analysis of GRB1808018A with BAT and GBM can help to estimate the E peak parameter of the GRB spectrum as well as a redshift estimation Swift good capabilities to recover intrinsic properties of the GRB. In addition, comparison with multiple searches with independent false alarm rate estimation can confirm detections of weak signals. The joint F-WBSB and Fermi-GBM subthreshold analysis are helpful for multi-messenger studies as for GW150914-GBM discussion .
Additional detection from F-WBSB
F-WBSB also detects multiple events mainly in the soft band at a rate of 32 events per day in the 4-50 keV band. They are mainly due to variable stars and X-ray galactic flares. We investigate every event to check if it is not due to the approximate background estimation. However, without localization, it is hard to find the nature of the transient events. However, checking by hand the profile of those events, we collect 171 events found by F-WBSB and not found by other gamma-ray surveys compatible with GRB lightcurves provided in here. Among the 171 events, 95% of the events are 4-50 keV events, 70% of the events are in the 4-900 keV band and 0.5% of the events are in the 50-900 and 50-100 keV bands. This sample has a low enough rate to be helpful in the future for cross-matching a sample of transients in other wavelengths such as orphan visible afterglows or other messengers such as gravitational waves and neutrinos.
DISCUSSION AND CONCLUSION
In this paper, we present F-WBSB, an automatic blind search for detecting of gamma-ray transients. It is particularly sensitive to spiky gamma-ray transients in the soft X-ray band. F-WBSB uses a unique technique of gamma-ray detection with wild binary segmentation of a timing series and less than intrinsic 10 parameters to tune. We evaluated its performance using 60 days of Fermi-GBM continuous daily data, for the 12 NaI detectors records after one week of calibration. In addition, multi-band searches encourages a low signal-tonoise identification of the spectral characteristics with hard peaks in Table 3 . Results of the F-WBSB data analysis compared with Fermi-GBM subthresholds. From the 54 sub-thresholds triggers, 6 were also found by F-WBSB listed above. Table 5 . Results of the F-WBSB data analysis compared with MAXI when Fermi-GBM onboard did not trigger. During the data analysis period, 28 events were detected by MAXI. 4 triggers were related to GRBs whereas the others are connected to flare stars. GRB170830A and GRB180809A were detected jointly by GBM-onboard and F-WBSB (see Table A1 )
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. the 50-900 keV band and shorter duration events, and longer duration events for soft band or detection of additional triggers generally delayed from the harder band. Independent continuous searches are a powerful tool to discard weak fluctuations of the background and weak gamma-ray transients. By increasing GBM's sensitivity, the detected GRB rate can be increased (as the count of localisation). In addition, this approach is helpful to validate low signal-to-noise GRB signals in GBM data in coincidence with gravitational-wave detections, which is important for multi-messenger studies of the violent Universe. The results performance of the F-WBSB analysis reveals the detection of 42 events in the 4-900, 50-100, 4-50 or 50-100 keV bands in coincidence in time with the on-board GBM analysis out of 44 gamma-ray transients found by GBM onboard. Short GRBs are fewer clearly identified as compared to long GRBs due to the minimal resolution of 128 ms of F-WBSB compared to the 64 ms in on-board analysis. However, the multiple band peak detection in F-WBSB recovered more than 70% of the duration of 7 out of 9 GRBs with T90 > 100s (50-300 keV) present in the sample. F-WBSB detects other gamma-ray transients at a rate of 30 events per day for the 4-50 keV band, 20 events per day for the 4-900 keV band, 1.2 event per day in the 50-100 keV and 50-900 keV bands. F-WBSB is able to recover GRBs found by the online on-board analysis and other surveys. But also F-WBSB found events in time coincidence with other gamma-ray surveys while none were detected from online and offline GBM searches: one confident event seen by Swift-BAT (GRB180818A) and 4 others sub-threshold events found in coincident with Swift GRBs; there were also 4 F-WBSB events connected to MAXI galactic flares. A list of 171 events found by F-WBSB is unique and compatible with galactic or GRB light curve profiles. This strategy of an offline, blind approach recovered both short and long transients and gives a playground for multi-messenger searches with neutrino and gravitational-wave events as well as more broadly in time domain astronomy that will certainly help for identifying the nature of million of optical transients, including those from LSST (Della Valle et al. 2018) . 
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